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(54) Multiple stage cementer and 
casing inflation packer 

(57) A combination multiple stage 
cementing tool and casing inflation 
packer includes an inflatable packer 
14 having a packer mandrel 16 and 
an inflatable packing element 18 
disposed about the mandrel. A ce- 
menting tool 12 includes a cylindri- 
cal outer casing 94, a cementing 
port 96 disposed through a side 
wall of the casing, arid a sliding 
sleeve valve assembly 1 1 2 for 
opening and closing the cementing 
port. The cylindrical outer casing 
94 of the cementing tool is perma- 
nently attached to the packer man- 
drel 1 6 and has a maximum outer 
diameter at least as great as a maxi- 
mum outer diameter of the inflata- 
ble packing element 18 when the 
inflatable packing element is in an 
uninflated position. 
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SPECIFICATION 



Multiple stage cementer and 9 asing infla- 
tion packer 

5 , | 

The present invention relates 'generally to 
downhole tools for conducting cementing op- 
■ erations, and more particularly, but not by 
.■ way of limitation, to such apparatus con- 

10 structed for use in multiple stage cementing 
of the annulus between a well casing and a 
well borehole. 

In preparing oil well bore holes for oil 
and/or gas production, a most important step 

1 5| involves the process of cementing. Basically, 
oil well cementing is the process of mixing a 
cement and water slurry and pumping it down 
steel casing to critical points located in the 
annulus around the casing, in the open hole 

20 below, or in fractured formations. 

Cementing a well protects possible produc- 
tion zones behind th ( e casing against salt wa- 
ter flow and protects the casing against corro- 
sion from subsurface mineral waters and elec- 

25 trolysis from outside. Cementing also elimi- 
nates the danger of fresh drinking water and 
recreational jwater supply strata being contam- 
inated by oil or salt water flow from forma- 
tions containing those substances. It further 

30 prevents oil well blowouts and fires caused by 
high pressure gas zones behind the casing 
and prevents collapse of the casing frorn high 
external pressures which can build up under- 
ground. 

35 A cementing operation for protection 

against the above described downhole condi- 
tions is called primary cementing. Secondary 
cementing includes the cementing processes 
used in a well during its productive life, such 
40 as remedial cementing and repairs to existing 
cemented areas. The present invention is most 
useful in primary cementing operations. 

In the early days of oil field production, 
when wells were all relatively shallow, ce- 
45 menting was accomplished by flowing the » 
cement slurry down the casing and back up 
the outside of the casing in the annulus 
between the casing and the borehole wall. 
As wells were drilled deepr and deeper to 
50 locate petroleum reservoirs, it became difficult 
to successfully cement the entire well from the 
.bottom of the casing, and therefore, multiple 
^stage cementing was developed to allow the 
.annulus to be cemented in separate stages, 
55 beginning at the bottom of the well and 
'working upwardly. 

Multiple stage cementing is achieved by 
placing cementing tools, which are primarily 
valve ports, in the casing or between joints of 
60 casing at one or more locations in the bore- 
hole. Cement is then flowed through the bot- 
tom of the casing and up the annulus to the 
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then be flowed through the cementing tool up 
the annulus to the next cementing tool, 
thereby completing the second stage f ce- 
menting. Additional stages of cementing may 
70 beisimilarly accomplished by the use of addi- 
tional cementing tools. 

Irr performing multiple stage cementing, it 
is sometimes desirable to have an inflatable 
casing packer located directly below the ce- 
75 menting tool. After the first stage cementing 
is accomplished, the inflatable packer is infl- 
ated approximately at the upper limit of the 
cement defining the first stage of cement and 
then the cementing tool is opened to accom- 
80 plish the second stage of cementing. 

The prior art has included combination ce- 
menting tools with inflatable packers located 
therebelow. Such tools are shown, for exam- 
ple, in our U.S. Patents No. 3,524,503 and 
85 U.S. Patent No. 3,948,322. 

Furthermore, such tools have been used 
wherein the inflatable packer has an inflatable 
packing element which includes a cylindrical 
solid wall metal tubulaV bladder membrane 
90 located within an elastomeric bladder. This is 
sh<lwn in U.S. Patent No. 3,948,322. 

The prior art also incudes cementing tools 
very similar to the cementing tool used in the 
combination tool of the present invention. The 
95 cementing tool utilized in the combination tool 
of the present invention is substantially similar 
to that shown in our U.S. Patent No. 
3,768,556. 

Other cementing tools are shown in our 
100 U.S. PatentS|No. 3,768,562; Patent No. 
p,247,905; Patent No. 3,228,473 and Pa- 
tent No. 3,223,160. 

Additionally, a cementing packer is shown 
in our U.S. Patent No. 3,270,814. 
105 In accordance with this invention there is 
provided a well tool, comprising: an inflatable 
packer including a packer mandrel and an 
inflatable packing element disposed about 

3 aid mandrel; and a cementing tool including 
cylindrical outer casing, port means dis- 
posed through a side wall of said casing, and 
valve means for opening and closing said port 
means, said cylindrical outer casing being 
attached to said packer mandrel and having a 
115 maximum outer diameter at least as great as a 
maximum outer diameter of said inflatable 
packing element when said inflatabje packing 
element is in an uninflated position. 
This combination multiple stage cementer 
1 20 and casing inflation packer of the present 

invention provides numerous advantages over 
combination cementers and packers of the 
prior art, or separate cementers and packers 
of the prior art used in combination. 
125 One particular problem with any downhile 
tool is that the maximum outside diameter of 
the tooll is limited by the inner diameter of the 
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. running other tools down through the casing 
string. Often the minimum internal bore must 
be maintained, and the manner of construc- 
tion of the particular downhole tool therefore 

5 determines the outside diameter §i the tool. 
The thinner th wall can be kept, the smaller 
the outer diameter of the tool will be and 
subsequently, the easier it will be to manipu- 
late in the well bore. In combination cement- 

1 0 ing tools and packers of the prior art and in 
tool strings made up of separate packers and 
cementing tools, the largest outside diameter 
of the two components has always been the 
outside diameter of the inflatable packer 

1 5 which was greater than the outside diameter 
of the cementing tool. 

An embodiment of combination cementing 
tool and packer to be described herein mini- 
mizes the outside diameter of the inflatabje 

20 packing element-so that it is equal to <j>r Iriss 
than the outside diameter of the cementing 
tool itself. This allows the combination tool to 
be run in smaller diameter well bore holejs 
than can combination cementing tools and 

25 inflatable packers of the prior art. j 
Additional advantages are provided in that 
it is more economical to manufacture and use 
a single combination tool[ like that of the 
present invention as compared tta two sepa- 

30 rate tools which would have to be made up in 
the field on the casing string. 

Said embodiment jof the present invention 
will now be described, by way of examples 
only, with reference to the accompanying 

35 drawings, in which: | 

Figures 1A and 1B comprise a section ele- 
vation view of the combination cemerjting tool 
and inflatable packer of the present invention. 
figure 2 is a section elevation view of an 

40 inflation valve body of the inflatable packer of 
Fig. 1B. 

Figure 3 is a section view along line 3-3 of 
Fig. 2. 

Figure 4 is a laid-out section view along line 
45 4-4 of Fig. 3. 

Referring now to the drawings, and particu- 
larly to Figs. 1A and 1B, the combination 
cementing tool and inflatable packer of the 
present invention, which may generally be 
50 referred to as a well tool, is shown and 

generally designated by the numeral 10. The 
well tool 10 includes a cementing tool 12 and 
an inflatable packer 14. 

The inflatable packer 14 includes a packer j 
55 mandrel 16 and an inflatable packing element 
generally designated by the numeral 18 which 
is disposed concentrically about the mandrel 
16. 

Connected to a lower end of packer man- 
60 drel 16 is an inflation valve body 20 which is 
attached to packer mandrel 1 6 at threaded 
connection 22. A lower adapter body 24 is . 
attached to inflation body 20 at threaded j ' 
connection 26. Lower adapter body 24 has a 
65 threaded lower end 28 for attachment to a 



portion of a casing string (not shown) located 
therebelow. The inflatable packing element 1Ej 
includes an annular fixed shoe 30 which is » 
fixedly connect d to the packer mandrel 16 
70 by means of annular locking ring 32 which 
attaches shoe 30 to valve body 20. 

An annular sliding shoe 34 is concentrically 
disposed about an outer cylindrical surface 38 
of packer mandrel 1 6 with a sliding seal 
75 being provided therebetween by annular 0- v 
ring 38. • 
A cylindrical ijubular bladder membrane 40 
is connected between fixed shoe 30 and slid- 
ing shoe 34. The bladder membrane 40 is • 
80 made of a metal such as aluminum, aluminum 
alloy, steeM or stainless steel. The membrane 
40 is a relatively thin, tubular solid or impervi- 
ous membrane the physical properties of j 
which permit an intermediate portion of ithe 
85 membrane between its upper and lower 'ends 
42 and 44 to expand without rupturej during 
the inflation of the inflatable packer 14. 

An elastomeric bladder 46 is connected 
between fixed shoe 30 and sliding shoe 34 
90 and is cjoncentrically disposed about bladder 
membrane 4p and is bonded thereto. 

An inner cylindrical surface 48 of bladder 
membrane 40 is spaced radially outward from 
outer cylindrical surface 36 of packer mandrel 
95 16 so as to form an annular inflation space 
I 50 therebetween. 

An inflation passage 52 communicates an- 
nular inflation space 50 with inflation valve 
body 20. I 

100 The inflation valve body 20 is best shown 
in Fig. 2. The inflation valve body 20 includes 
an inflation valve means 54 for communicat- 
ing inflation passage means 52 with an inner 
bore 56 of packer mandrel 16. 

105 The inflation valve means 54 is preferably 
constructed similar to the valve disclosed in 
U.S. Patent Application No. 048,977 of Eu- 
gene E. Baker and Ernest E. Carter, Jr., filed 
June 15, 1979 and assigned to the assignee 

1 10 of the present invention. 

The inflation valve means 54 includes an 
inlet 58 for communicating with inner bore 
56 of packer mandrel 16. Valve 54 also 
includes an outlet passage 60 for communi- 

1 15 eating with inflation passage 52. The outlet 
passage 60 includes a longitudinal portion 62 
and an upper annular portion 64. 

A first bore 66 is disposed in valve body^20 
for communicating the inlet 58 with the annu- 

1 20 lus between the well tool 1 0 and the oil well 
bore hole. That communication is accom- ? 
plished at the lower end 68 of bore 66. 

A second bore 70 is disposed in valve body 
20 and is also communicated with the annu- 

125 lus between the well tool 10 and the oil well 
borehole at its lower end 72. 

A first port means 74 connects the first and 
second bores 66 and 70, and a second port 
means 76 connects the second bore 70 with 
130 the outlet 60. 



A first piston 78 is disposed in the first bore 
66 and has its first and second ends 80 and 
82 arranged for fluid communication with 
inlet 58 and the annulus, respectively. The 
5 first piston 78 is movable between a first 
position, as shown in Fig. 4, blocking first 
j port means 74, and a lower second position 
- allowing fluid communication between inlet 
• 58 and first port means 74. 

10 A shear pin 84 provides a means for hold- 
ing first piston 78 in its said first position until 
a fluid pressure differential between inner 
bore 56 of packer mandrel 1 6 and the annu- 
lus outside of the well tool 1 0 reaches a first 

15 predetermined level, e.g. 1000 psi, and for 
releasing the first piston 78 so that it may pe 
moved to its second position when said pres- 
sure differential reaches said first level. 
A second piston 86 is disposed in the 

20 second bore 70 and has first and second ends 
88 and 90 arranged for fluid communication 
with first port means 74 and the annulus, 
respectively. The second piston 86 is movable 
between a first position, as shown in Fig. 4, 

25 allowing fluid communication between first 
port mdans 74 and second port means 76, 
and a second downwardly displaced position 
blocking second port means 76. 
A shear pin 92 provides a means for hold- 

30 ing the second piston 86 in its said first 
position until said fluid pressure differential 
reaches a second predetermined level, e.g. 
1 500 psi, said second predetermined level 
being higher than said first predetermined 

35 level, and for releasing the second piston 86 
so that it may be moved to its said] second 
position blocking second port means 76 when 
said pressure differential reaches said second 
predetermined level. 

40 A knockout plug 94 is threadedly engaged 
with inlet 58 to initially block inlet 58. 

The cementing tool 12 includes a cylindri- 
cal outer casing 94 which has one or more 
cementing port means 96 disposed through a 

45 side wall thereof. J 

Casing 94 has a lower end 98 whiph has 
an internally threaded portion 1Q0. 

An externally threaded portion 102 of an 
upper end 104 of packer mandrel 16 is 

50 threfadedly attached to the threaded internal 
portion 100 of casing 94. The casing 94 and 
packer rhandrel 16 are permanently attached 
by the means of an annular fillet weld 106 
•'between an end face 108 of lower jend 98 of 

55 casing 94 an outer cylindricarsurface 1 10 of 
'packer mandrel 16 adjacent the externally 
threaded portion 102 of the .upper end 104 
thereof. \ ' 

By permanently attaching the casing 94 

60 and packer mandrel 1 6 so as to make a 

unitary one-piece well tool 1 0, several advan- 
tages are provided over separate cementing 
tools and over inflatable packers which must 
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packers are used, the upper end of the packer 
mandrel above the inflatable packing element 
must extend for a distance of approximately 
three feet so that the threaded joint with the 

70 cementing tool can be made up. This is 
eliminated by the present invention which 
•allows approximately three feet to be elimi- 
nated from the length of the packer mandrel 
as compared to separate inflatable packers. 

75 Additionally, this minimizes the distance be- 
tween cementing ports 96 and the inflatable 
packer element 18 so as to minimize the 
length of that corresponding portion of the 
annulus between the oil tool 10 and the oil 

80 well bore hole which might be imperfectly 
filled wit|h cement if the first stage of cement- 
ing is not extended sufficiently to flow the 
cement continuously past cementing ports 96. 
The maximum outer diameter of the casing 

85 94 is at least as great as the maximum outer 
diameter the inflatable packing element 18. 
This is contrasted to prior art designs where 
the inflatable packer has always been of 
greater diameter than the cementing tool with 

90 which it was used. This allows the combina- 
tion tool of the present invention to be used in 
smaller diameter well boreholes than could 
prior art devices discussed previously. 
The relatively thin solid metal tubular mem- 

95 brane 40 in combination with an elastomeric 
bladder 46 bonded to the outside thereof i 
provides a relatively thinner inflatable packing 
elemenf than most any other available design 
and therefore when used in combination with 
1 00 the other fcomponents of the present invention 
allows the' maximum outside diameter of the 
inflatable packing element 18 to be main- 
tained at a diameter no greater than a maxi- 
| mum outer diameter of the casing 94. 
105 The manner of operation of the well tool 10 
of the present invention is as follows. 

The well tqol 10 including the cementing 
tool 12 and the inflatable packer 14 are 
pJaced within a casing string and lowered into 
1 10 pjosition within an oil well bore hole in a 
manner similar to that shown in Figs. 3 
through 5 of U.S. Patent No. 3,948,332 to 
Baker, which is incorporated herein by refer- 
ence. , 

115 "fine ifirst stage of cementing is accom- 
plished by pumping cement down the casing 
string out the bottom thereof and back up 
through the annulus between the casing string 
and the oil well borehole to a level slightly 

1 20 above the cementing tool 1 2 of the present 
invention. 

(A first stage shut off plug is pumped down 
th'e casing string on top of the first stage of 
cement using a displacement fluid, generally 
1 25 water or mud. As the shut off plug passes 

through the well tool 1 0 it engages the knock- 
out plug 94 and shears off the same thereby 
opening the inlet 58 of the inflation valve 



bottoms out on a shut off baffle located in aj 
float collar or in a bottom shoe of the casing! 
string. 

Then the pressure within the casing string 
5 is increased to the first predetermined level of 
pressur differential between th inside of the 
casing string and the outer annulus so that 
the first piston 78 of inflation valve means 54 
is moved downward thereby communicating \ 
10 the inner bore 56 of power mandrel 16 witfj 
the inflation passage 52 by flowing through 
bore 66, first port means 74, around second 
piston 86 within the second bore 70, through 
second port means 76 and out the outlet 60 
1 5 of inflation valve means 54. The displacement 
fluid then flows to the inflatable packer 1 4 
thereby inflating the same. 

The packer 1 4 is inflated immediately upon 
completion of the first stage of cement. This is 
20 contrasted tp a device like that of U.S. Patent 
No. 3,948,322 where the inflation and ce- 
menting valves are corribined so that the 
packer is not inflated until an opening plug 
opens the cementing valve. In such a device 
25 there is a lag time between seating of the shut 
off plug, and the opening of the cementing 
valve by the opening plug. | 

The pressure within inner bore 56 of the 
packer mandrel 16 is inreased to a second 
30 predetermined level and at that point the 
second piston 86 moves downward to a posi- 
tion closing second port means 76[ of inflation 
valve means 54 so that the inflation space 50 
of inflatable packer 1 4 is no longer in commu- 
35 nication with the inner bore of the casing 
string, trapping full inflation pressure within 
inflation space 50. 

The first and second predetermined pres- 
sure levels may be varied by varying the 
40 construction of the shear pins 84 and 92, | 
respectively. 

Then an opening plug is dropped into the 
casing string and it free-falls into engagement 
with a cementing valve opening sleeve 1 12 of 
45 cementing tool 12. The pressure within the 
casing string above the opening plug is in- 1 
creased until one or more shear pins 1 14 j 
shear allowing the opening sleeve 1 1 2 to be 
moved downward opening cementing ports 
50 96. Then the second stage of cementing cpn 
be accomplished by pumping cement down 
the casing string and through the cementing i 
ports 96 into the annulus and back up the ' 
annulus. 

55 When the second stage of cementing is 
completed and it is desired to clo^e cementing 
ports 96 a closing plug is pumped down the 
casing string on top of the second stage of 
cement using a displacement fluid, and 

60 landed on an upward racing shoulder 1 16 of 
a cementing valve closing sleeve 118. 1 

Once again, pressure is increased \jvithin the 
casing string until one or more shear pins 
1 20 shear thereby releasing the closing) sleeve 

65 1 1 8 Iso that it moves downward carrying with 



it an intermediate sleeve 122 thereby closing 
the cementing portion 96. 

The manner of operation of a cementing 
tool such as the cementing tool 1 2 is de- 
70 scribed in greater detail in U.S. Patent 
3,768,556. 

CLAIMS { i 

1 . A well tool, comprising: .„ 
75 an inflatable packer including a packer man- 
drel and an inflatable packing element dis- 
posed about said mandrel; and 

a cementing tool including a cylindrical 
outer casing, port means disposed through a 

80 side wall of said casing, and valve means for 
opening and closing said port means, said 
cylindrical outer casing being attached to said 
packer mandrel and having a maximum outer 
diameter at least as great as a maximum outer 

85 diameter of said inflatable packing element 
when said inflatable packing element is in an 
uninflated position. j 

2. The well tool of claim 1, wherein: 
said cylindrical outer casing is permanently 

SjO attached to said packer mandrel. 

3. The well tool of claim 2, wherein: 

an end of said packer mandrel includes an 
externally threaded portion which threadedly 
, engages an internally threaded portion of a!n 
95 end of said casing of said cementing tool; and 
said packer mandrel and said casing are 
permanently attached by welding between an 
end face of said end of said casing and an 
outer cylindrical surface of said packer man- 
100 drel adjacent said externally threaded" portion 
of said end thereof. 

4. The well tool of claim 1, wherein said 
inflatable packing element includes: 

an annular fixed shoe fixedly connected to 
105 said paoker mandrel; 

an annular sliding shoe concentrically dis- 
posed about an jputer cylindrical surface of 
said packet) marvdrel; 

a cylindrical tubular bladder membrane, 
1 10 connected between said fixed shoe and said j 
sliding shoe, saidmembrane having a solid 
wall; and ( ' 

an elastomeric bladder connected between 
said fixed shoe and said sliding shoe and 
1 1 5 concentrically (disposed about said bladder 
membranie. 

5. Thp well tool of claim 4, wherein: 
said bladder (membrane is a metal mem- ; 

brane. 

120 6. The well tool of claim 3, wherein: 

said inflatable packer includes an inflation 
. passage communicated with an inner surface 
I of said inflatable packing element, and in- 
cludes inflation valve means for communicat- 
125 ing said inflation passage with an inner bore 
of said packfer mandrel. 

7. The well tool of claim 1, wherein: 
said inflatable packer is an inflatable casing 
packer. 

130 8. A well tool, comprising: 
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an inflatable casing packer, including: 
a packer mandrel having an^end jncluding 
an externally threaded portion* 

an inflatable packing element disposed 
5 about said mandrel, said inflatable paaking 
element including an annularTfixed shoe fix- 
j edly connected to said packer mandrel, an 

annular sliding shoe concentrically disposed 
• r about an outer cylindrical surface of said 
1Q packer mandrel, a cylindrical solid wall metal 
tubular bladder membrane connected between 
said fixed shoe and said sliding shoe, and an 
elastomeric bladder connected between said 
fixed shoe and said sliding shoe and concen- 
1 5 trically disposed about said bladder mem- 
brane; 

an inflation passage communicated with an 
inner surface of said bladder membrane; and 
inflation valve means for communicating 

20 said inflation passage with an inner bore of 
said packer mandrel; and 

a cementing tool including a cylindrical 
outer casing, port means disposed through a 
side wall of said casing, and cementing valve 

25 means for opening and closing said port 

means, said cylindrical outer casing including 
an end havijng an internally threaded portion 
which is threadedly engaged by said exter- 
nally threaded portion of said end of said 

30 packer mandrel, said casing and packer man- 
drel being permanently attached by welding 
between an end face of said casing arid an 
outer surface of said packer mandrel adjacent 
said externally threaded end portion thereof, 

35 and said casing having a maximum outer 

diameter at least as great as a maximum outer 
diameter of said inflatable packing element 
when said inflatble packing element is in an 
uninflatable position. 

40 9. A well tool substantially as herein de- 
scribed with reference to the accompanying 
drawings. 
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